Self administered dietary assessment questionnaires have widely been used in several nutritional epidemio logic studies (1) . Several self administered dietary as sessment questionnaires have been developed consider ing characteristics of Japanese diets (2) (3) (4) (5) (6) (7) (8) . But to our knowledge, dietary record was used as the gold stan dard in all the validation studies except one that used 24-hour urinary excretions of sodium and potassium (4) . Two limitations of this approach are the consider able individual day-to-day variation, which reduces the possibility of obtaining a true measure of usual intake with few recording days (9) , and reporting bias since both self administered dietary assessment question naires and dietary record are based on self reporting. In most cases, a food composition table used for analysis in a questionnaire is developed from that used in dietary records. This may also be a source of systematic bias. In contrast, biomarkers can provide independent informa tion to validate a questionnaire (10). Although suitable biomarkers are not available for so many nutrients, some previous studies suggested that marine origin n-3 polyunsaturated fatty acid (PUPA) concentrations in serum or plasma of phospholipid or cholesterol ester fractions were useful biomarkers of the intakes over a 
MATERIALS AND METHODS
Subjects and design. Dietary survey and nonfasting blood sampling were performed for a part of the recipi ents of an annual health checkup for employees of a university in Tokyo, Japan in October, 1997. The sub jects were orally asked by one of the authors (KA) whether the serum residual could be used to measure some factors for research purposes. They were also asked to answer the DHO. The sera of the 683 subjects (387 men and 296 women; 28% of total recipients) who gave consent were centrifuged, transferred to teflon lined screw-capped vials within 1-4h, and stored at -80°C until the measurements. The same 683 sub jects also responded to the DHO. One hundred subjects (50 men and 50 women) were randomly selected after stratification by sex from the subjects for the measure ments of fatty acids, carottttttttenes, and alpha-tocopherol in serum. The study was approved by the ethical commit tee of Tokyo University Health Service Center.
Self administered diet history questionnaire. The DHO used in this study was made by slightly modifying the test-version (3, 4) . The questions were designed to elicit dietary habits in the previous one month. It consists of seven sections; l) eleven questions on dietary behaviors such as `how often and how much do you usually use Shoyu (soy-sauce) at table?,' 2) semi-quantitative fre quency questions on 13 3 selected food items and 10 supplements, 3) questions on frequency and quantity of rice, noodles, breads, and miso (fermented soybean paste)-soup, 4) major cooking methods for fish, meats, eggs, and vegetables, 5) frequency and quantity of 6 types of alcoholic beverages, 6) types, frequency, and quantity of supplements, and 7) open-ended questions to describe names and quantities of foods eaten regu larly (at least once per week) which are not listed in the questions. For foods listed in the semi-quantitative fre quency question section, standard portion sizes were given in words such as 'a half' for apple and `one big leaf' for cabbage. The food items and the portion sizes listed in the semi-quantitative frequency question sec tion were chosen as foods commonly consumed in Japan. They were selected mainly from a food list used in National Nutrition Survey of Japan (19). Local foods and menus were not considered for food selection. Frequency was asked using 8 categories; 1) more than or equal to twice per day, 2) once per day, 3) 4-6 times per week, 4) 2-3 times per week, 5) once per week, 6) 2-3 times per month, 7) once per month, and 8) less than once per month. Relative portion size was asked for 5 categories compared to a standard portion size in dicated in the questionnaire; 1) very small (50% or less), 2) small (about 70-80%), 3) medium (about same as a standard portion size), 4) large (20-30% larger), and 5) very large (50% larger or more). It takes about 30-60 minutes to answer the questionnaire.
The 147 food and nutrient (carbohydrate, protein, total fat, alcohol, alpha and beta-carotene, and alpha tocopherol) intakes were calculated using an ad-hoc computer algorithm developed to analyze the question naire. The 36 specific fatty acid intakes were also calcu Table 1 shows the characteristics of subjects, and en ergy and macronutrient intakes. The mean intakes were higher in men than in women except for fat in g/d, whereas no important difference was observed in en ergy density except for alcohol although fat intake was slightly higher in women. Table 2 shows daily intakes of fatty acids and the concentrations in serum phospho lipid fractions. No apparent difference was seen either for the intakes (%E) or serum phospholipid levels (%FA) between men and women with some exceptions. Difference between men and women by t-test: * p<0.05, ** p<0.01. Table 3 . Pearson partial correlation coefficients adjusted for age for fatty acids between the daily intake assessed with self-administered diet history questionnaire expressed as different types of units and the corresponding serum phopholiPid concentrations percentage of total fatty acids).
1 Log-transformed serum phospholipid concentrations were used for analysis.
2 Log -transformed dietary intakes were used for analysis.
3
Dietary intakes were adjusted for total energy intake by residual method. Dietary intakes were adjusted for total energy intake by residual method.
5 No statistical difference was observed for the mea ns between men and women by t-test.
Significance from null correlation: * p<0.05, **p<0.01, ***<0.001. served between the intakes and serum levels either with or without adjustment for serum cholesterol and tria cylglycerol, and BMI. "Dried fish" and "fish with blue -back skin" supplied 63% and 58% of total marine origin n-3 PUPA intake, and the correlation between the sum of the intake of these two foods (g/d) and the serum phospholipid con centrations was 0.46 and 0.57 in men and women re spectively ( Table 6 ). The level of correlation did not im prove when the intake of "total fish and fish products" or "total marine foods" was used in place of sum of the above two foods. "Carrot" supplied 67% and 66% of total alpha carotene intake, and the correlation between the "car rot" intake (g/d) and serum alpha-carotene was 0.32 and 0.29 in men and women respectively (Table 7) . A slight improvement of correlation was observed when "total vegetable" intake was used in place of "carrot" in take only in men. For beta-carotene, "carrot" and "leafy green vegetables" were two major foods. The sum of these two foods supplied 76% and 75% of total beta carotene intake in men and women respectively, and the correlation with serum beta-carotene was 0.37 and 0.49 in men and women respectively ( Table 7) . The level of correlation slightly improved when intake of "total green and yellow vegetables ," or "total vegeta bles" (gld) was used in place of these two foods.
DISCUSSION
We compared the intakes of fatty acids, carotenes, and alpha-tocopherol intakes assessed with DHO and serum concentrations of the corresponding biomarkers.
Highly significant correlations were observed for EPA, DHA, marine origin n-3 PUPA in both sexes, and weak correlations for linoleic and alpha-linolenic acids in women. To our knowledge, four studies reported corre lations between EPA and/or DHA intakes assessed with a self administered dietary assessment questionnaire and the corresponding serum or plasma concentrations (27-30).
Three Norwegian studies reported a relatively high degree of correlation (r=0.41-0.58) (28-30). However, one observed a considerable de crease in correlation when cod liver/fish oil capsule users were excluded from the analysis (from r=0.58 to 0.20 for EPA and 0.53 to 0.19 for DHA), indicating that the observed correlation was mainly attributable to supplements rather than foods (29). In contrast, only two subjects habitually consumed supplements con taining EPA and/or DHA in this study. One American study reported lower correlation (r=0.19-0.42) (27).
The degree of correlation for PUPA, especially linoleic and alpha-linolenic acids, was relatively low in this study compared to some previous studies (27, 30). These results might indicate a relatively poor validity of DHO to assess these fatty acids. It may be attributable to a poor validity for intake of cooking oil because cooking oil was the highest contributor for the intakes of linoleic and alpha-linolenic acids and PUPA (32%, 52%, and 32% of total intake respectively) in another Japanese population (31). Further studies are necessary because significant correlations for linoleic and alpha-linolenic acids were observed in women.
Adipose tissue fatty acids have more frequently been used as biomarkers of fatty acid intake than serum fatty acids (13, 14). But recent studies showed a high degree of repeatability of fatty acids in phospholipid fraction measured with 4-month interval (12). A recent valida tion study of a food frequency questionnaire with both adipose tissue and serum fatty acid measurement showed a similar level of correlation (30). These studies suggested that serum fatty acid concentrations could be used as a biomarker for fatty acid intake in a validation of a dietary assessment method.
Although a substituted food composition table was used for alpha and beta-carotenes in the present study because no standard food composition table existed in Japan, we observed the significant correlations for both alpha and beta-carotenes. Several studies reported cor relations for carotenes between the intakes assessed with a self administered dietary assessment question naire and the serum concentrations in Western popula tions (25, 32-42). The level of correlation observed in this study was comparable to or slightly higher than the previously reported values. In some studies with sepa rate analysis by smoking status, a better correlation was generally observed in nonsmokers (32, 35, 41) . In this study smoking status did not affect the results be cause of the small number of smokers among the sub jects. It has been noted that alcohol was one of the con founders (25). When alcohol intake was adjusted for, the correlation slightly improved in men. Energy-ad justment for the intake did not improve the correlation for carotene in contrast to the improvement observed in fatty acids. It may be that energy-adjustment might be Table 6 . Daily intakes of foods and nutrient intakes from indicated foods, and Pearson partial correlation coefficients adjusted for age between daily food intakes g and serum phospho lipid concentrations Percentage of total fatty acid of eicosapentaenoic (EPA), docosahexaenoic (DHA), and marine origin n-3 polyunsaturated fatty acid. 1 Log -transformed values were used for analysis .
2 Sum of "carrot ," "pumpkin," "tomato," "pimento," "broccoli," and "leafy green vegetables."3
Sum of "salted pickles," "cabbage," "cucumber,"
"lettuce," "Chinese cabbage," " bean sprout," "Chinese radish
," "onion," "cauliflower,"
"eggplant," "edible burdock," "East Indian lotus root," and "vegetable juice" with total green and yellow vegetables.
Significance from null correlation: * p<0.05, **p<0.01, *** p<0.001.
preferable to rank individuals adequately for energy providing nutrients, but not for non energy-providing nutrients as been suggested by previous studies (43, 44) . We did not observe any meaningful correlation for alpha-tocopherol even after adjustment for the possible confounders. In previous studies which examined cor relation between intake and serum or plasma concen trations of alpha-tocopherol, the level of correlation de creased when supplement users were excluded from the analysis (26, 36, 45) with one exception (35) . It meant that dietary vitamin E from foods was difficult to assess by a questionnaire. In this study no subject reported use of a supplement containing vitamin E. Moreover al though vitamin E content varies among cooking oils, DHQ did not ask types of cooking oil and used a single type of cooking oil (mixture of rapeseed oil and soybean oil) for nutrient computation. This might also have af fected the unsuccessful result.
In the analysis with foods, a relatively high level of correlation was observed using the major two foods for marine origin n-3 PUPA and beta-carotene (Tables 6  and 7 ). The results indicate a possibility of developing a simplified questionnaire for these nutrient intakes. But the level of correlation was in most cases lower than those in the analysis with nutrients (Tables 3 and 4) .
The lower level of validity has been observed in sub jects with lower level of educational attainment in a previous study (46) . Most of the subjects of this study were highly educated as they were teaching staff or of fice-workers in a university. Furthermore, the subjects voluntarily participated in the study. Therefore the level of validity observed in this study may be higher than that for a representative Japanese population of similar age.
In conclusion, DHQ could rank individuals ade quately for EPA, DHA, alpha and beta-carotene intakes at least in the urban Japanese men and women exam ined. The level of validity for alpha-tocopherol was however inconclusive. 
